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Abstract of JP2001 192300 

PROBLEM TO BE SOLVED: To provide a 
nitride-based compound semiconductor 
substrate low in residual stress and almost 
free from crystal defects. SOLUTION: A 
ground layer 102 of a nitride-based compound 
semiconductor doped with an impurity is 
deposited at 300 to 800 deg.C on a crystalline 
base material 101 of sapphire or the like. 
Then, a crystal 103 of the nitride-based 
compound semiconductor is grown at a 
temperature higher than the temperature 
mentioned above on the ground layer 102. 
Further, the ground layer 102 is removed by 
etching, thereby the crystal 103 of the nitride- 
based compound semiconductor is separated 
as the substrate 1 05. Finally, the residual 
stress of the separated substrate 105 is 
reduced by heat treatment under an 
atmosphere containing nitrogen. 
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Ga, A ii lB . f) N&&<DBlfctif(Dt&&t:m^ m&O) 

4LT. ftSStt&SJ: £ftSMffi$f15 

ttS<, iSlcffi<*§|J4 > S^W©fea*£>^4*«>c 

1S^mWT^(OW& (HI (E) (50 1 0 6) ICOV^-C. 
rt»«*S:«JELfclS*Sr«S»fcH8fc*i-. 
HfrfcJt^TKfiaffl^aiffJcS^tti/i o«T©o. 0 

lPai^Lm. a«***0. OlPa^T 
HVPEICW F5>f^mt77'f 78 
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$}x*h$zk*$mLti 0 m±m&. xmimmmxm 
feLittzz (0004) mfrb<D®Vr\?—?¥&ian 

3. 0 a r c m i n fj) 9 , MOC VD^tfiLfeG a N 
EM) fc±Sttifi*HSi±9, 10 B c 

©«Bitt (0 00 1) JMij*>&fc0, -tcfcfcBfi (0 
0 0-1) »Sffi^fe4oTV^fc p 10 
[004 1] HJfeftl 3 

fcG a Ng«±fcTtfeJ§ t LXVkWLX'G a N$r*g[ U 
Ml* 3*, GaN*K«»fc. KT, H2*#JRLft# 
[004 2] ISfefl 1 teRW.Lfc^W'CftfcG a NS« 

tyU (02 (A) ©2 0 1) , 5 5 0^Mg?:S 20 
*nbooSS±tCG a N£ 1 5 0 n m±fS£-g\ TffiJl 

t-rs (02 (a) ©20 2) B rmm<D^u&ns 

0 Ot0± 8 0 r ^a* U < % 3 00 

ftfbofc*, W^asf^v^Hlifcfta. *fc. Tit!! 

u<* #aaa^©»/j^7y^tKjfc-t'afc^2/£ 

m£*T#a*Uf\, 30 
[0 0 4 3]»m a««r«DffiU ftV^HVPE 

KBT»TilW8±te6 0 0ium<OJp:*©GaNJgft (H2 
(A) ©2 0 3) «Sm£Jt*<T* 

*3W**<«***i (02 (a) ) . s<-*<Dftmzm 

9+&tttii0. 00 1PaM-efcof: 0 MbftftlC 
(02 (B) ©2 0 4) 0 02 (B) ItT 

(C) ©2 0 5) 0 T^ = T#H« ( t , "COS(MQ.attl 

0 0 0 *Ct? 1 ^raum bfep ::-c, xu&Stticttffl-*- 

-fZfcJji*. 1 0 8 Pa£JLTT?*ofc a CpLT#^ 
fcGaNS«©*BJ3it«ffiSrW«UT^fcr**i/^ 50 



► 2001-192300 

14 

1 o 4 cm * kfURi>t>ti1t 9 

2tefiX»0Jf^eT?ffl^LfctC:6 (0 0 0 2) 

©[stiff tr-*i{Hi«ttO. 5arcmintfc^M 
OCVDMUG a N»BICJt-<-C**BK:»*tt*Ifi3 

[0044]«t«4 
*HI6«-C«. ±^LfeGaNSffif^iig*a^lHl^ 
9 5gLfc^©«Sp°a®©fS]±{co^rffi^-r^o 

[0 0 4 5] £1% SaS«|li3j:rK2fc5EoTGaNS 
««rfW!Ufc (IBB) . &^~C\ WbHfcGaNS* 

(0 2 (A) ©2 0 1) TifeJf (0 2 (A) ©2 

0 2) *V^-CT«»±lcKjftT?a<b*2NI 
*B* (0 2 (A) ©2 0 3) *riS*S^fco 
^fc±STi6»©l&* (02 (B) ©2 0 4) ft 

btifrm&%T>*~T&m%.tp. i o o 0^2^ 

ra> »IlTGaNM^/: (201) 0 ^©J;? 

-<-^±— ©T«&s©^-rv^-r#agc^i? 

ft***, (0 0 0 4) K*>fe©2ftfiXSE«¥«fi 
Sr. -Ji©Xfi©0ftjr»Lr^dy h UfcjS**H9 

iisiB©x@©^— ut77>f r (o 

0 0 1) EJgflSrfli^fca^ 2EiaJKRtt. i<om\C» 
hittzGaN&m^-^t LTV^ TflSlBtt 
MO C V DjfctM g ^tt Loo^ t , J?:££10 0 
nm«-Lf: 0 TJMfc Mi»I^2 0 

XSSrUfcDfi-J-fcfto-c, x«@9rNHX(B* 

*<k3fts**<^ 2is]BB»tiB,jroffij±^abti5t>o 

IHB-CHfJ-^r^T-efcD. 2BSGUCGaNlc 
^-fc, XJMaff2|MH|tt3 0 a r c s e c &T 

[0 0 4 7]$Hi«im TaiHtGaNSrffl^ 

^v-h©^T*S>5o *fc> Ti&@©^ft*fei:UT v 
MOCVDjfe^JCHVPE^&av^MBEffiSrSffl 

[0 04 8] UttW 5 
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[0 0 4 9] Sa6fllKirttWLfc*ife-CflF«UfcGa 

fc, Sfc^l** nlGaNlS (10 0 1) ±JC, nlG 
aNi (1002) . UGa N^SStf^FSttS 
(1 0 0 5) d>&<03fe*Btj&ft*fc»<DnSAlGa 
N y 7 y Kg (1 0 0 3) % Si^Srfftejfe&#**i£ 
Sfc^nfiGaNJtWKI (1 004) , InGa 10 

N#as^#FStts (loos) , *^«s^»iBa 
xrSttJi ait-mi: » t t* P am ^ & ©^jwmsir* kf 

jfctSfcWAlGaNyo^^i (1 0 0 6) . pi 
GaN3fe#-f KJI (1 0 0 7) „ piAIGaN^7^ 
KJf (1 0 0 8) , piGaNg (1 0 0 9) , pMG 

aN^^^ hi (ioi o) tmizmmzftftmm* 

ofca5 3 y^ttfcjDXSti, y y^ttrcpUtt (10 

i D &M&£in,T^z a nmmm (1012) «s« 

(10 0 1) *BfcK»t hfi6o 20 

[0050] m+mmnftmmmzto^x, *-*\ c a 

Ng« (10 0 1) SrftfrUT, MOCVD»{:g 
■W-S, £«B\ T^-7#I^»L10 50 
t;-e?c3t**5o -£<Ot£, TMG^|)50Mmol/m 
inT\ SiHj^^lOnmol/raintM 
LTs niGaNl (1 0 0 2) «rj» 4 /* mjSft 4 
S 0 0<5l^"C\ TMAlrl 0/i mo 1/mi ntfel&U 
0. 5MDi^)niAl.. )5 Ga.., 6 N^75'Ki (10 

0 3) Sr/£ft$i*r6o o^ic, TMA©«j(&4rff±U 
£)0. UmWnlGaN^Kl (1 0 0 4) SrjEjfc 30 
gJt5o *<D!k, S i H^TMG^MMU 
£«<0?&g£8 5 Ot-8 0 0 < C8ff*'T?teT£*£o 

^i2>rt^t^S fl «*fl!)SSf3fe«, TMGil0/i 
m o 1 /m i n > TM I £ 1 O^mo 1 /in i n 
U JSffli (1 0 0 5) I n.. 0 .Ga,. t .N 

gI1^5nm»gJMg^« 0 SiH 40 

4&1 0 nmo 1 /m i nIStLttfiV\ o<5V*T 
TMG §r 1 0 ix ra o 1 /m i n „ TM 1^50/zmol 
/minftgU I n 0 .,Ga...N^6>*S#FJlSr» 
3nm©ff£fc4a±5tert*Stt*. !§igJf£#FJg 
ojfcftlfiSrflk&iEU #S4SJH©*S**#Ffc/it 

fts*ta % ««K:i«an%Afi$«-csttii (ioo 

5) ©jftftSrlfcT+S. #Ffl0JHtft2JB«>& 
5 Jf t383t«)*(Ofiv^-T-iS-C# 

*b9'KAs, P> Sb#*iVfrM0%*|»*jlT 50 
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V^T*AV\ flH£Jljftft& I nGaNtt*>#*fcJ:tf 

fc#>fC. TMG^l 0/zmo 1/mi n s TMA£5 ft 
mo 1/mi n, fc±tfCp,MgfeftftU «J30n 
m©S^AlGaN^n y ^l (1 0 0 6) 
■g\ TGM, TMA, Cp^gOif&^JhlTW 
1 0 50t)[:««o ilSS:^^tTMGS:5 0 
/iraol/minMU * p«M g SrttfgL 
T x pS!©GaNJ:f9*5*^-< KJS (1 0 0 7) * 
0. l^mrilfi*«o TMAS:10/*mol 
/minMU 0. 5/im©piAl,.„Ga,.„N 
ityyVM (1 0 0 8) £rj£S£^£ 0 o^T, TM 
A0{Mg&ttJk U pi^GaNi (1 0 0 9) ££)4 
/xm/&S£-£a o *^lc N Cp 2 Mg^2fgS:tt^Lr 
plGaN^^ni (1010) SrO. 5/imM 
**«. ilS^Tt, TMGfcCp2Mg<D#tf&«:f* 

ft»9BJU *B«rflF«bfc«, RIEMLtyy 
y^i^pStti (10 
1 1) S\ ll^nSig (10 12) &*fr-eh^s» 

*fia>&. nS^^KI, pa^7^WJ;W 
<*«iv^ *3fe^^Kfi§SBfc:<fcaiBB# 

[005 1] KKiWitrJKA Lt»fc*f- 

tf>K*HC 2 0 mAO^$ritfc^O^«|j: % * 
^7^ T g«±l£f£K LfcBHKS^^fcJfc^-C 8 fff 

[0 0 5 2] U-lP*fWBLfc»£\ f7/^7i^ 
T v JHfcfll fcmO^ttrCfMbfcG a Ni«*:oV^ 

x % wjsi^t,FiB (R^^vtr-A) icjta^ 

««rffl*tfc3IS*SrHl 1 fc»+ 0 H*. WZn 
e^lfiMg^, i£*(lSi«r v SH^IttCS:^ 
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u zti^H. Tim\c^mfot LxmuLttrnx-h #r\^^x<D®&\**mMmtmmxh<>tz 0 

£>xt>, &u&&mk(o&m&mzw^5zms&mLx [0059] %mm 3 ic^ Ltc^mxr^m Lit n mg a 

M&&nit&fempmm®%fflmLx^>>i?? vm&<D mm*, ^yr^rm^ii.^n^tcm-'mmom^ 
[0053] *mmmx&. m\±m(D^m(omm-3 10 s«^v^-^^<t^ s ^{c^v^m.mmm^ 

[0 0 5 4]^JS^J6 fiHSWo#FJiwa»3flS3St?*>a^ 2JI*5J: 

±©v— y-m^-^ov^rRMi-a, [0060] mmms 

[0055] u-^-3n^fi % 012 ic^i-r fc < , p ^mfeflrttx nmm 4 ickh ufc*»-efl£>iufc«E 

IG a NSfe (12 0 1) ±(C, 4/im^pSGaNl ±£>3&3fe£W KfcoV^-CK»"*"S. 

(1 2 0 2) % }S<M^feO*fr*-f«)«**|ftlcaHC [0 0 6 1] JHI«4fciSUfc*ife-Cf1*UfcGaN* 
^^^ P SAlGaN^77 KJ1 (1 2 0 3) , 20 *±i, Jt»Ofcfcfc*:7 T'f T (000 1) ffiS&i: 

&*W>E#Wft*e«3ii:a piG a Nafejtf-f Kg (1 fcfc, S81fi«5 irra«©*«fe-x?|Bl-«3S(05B 

2 0 4) Sr8WU *«)±fcg14Ji^Opa!K-^y h %¥<iit— KtrfEHLfc. rtbbco^(c2 0mA(Dm 

tem^gS±i-^fc^A 1 GaN/n^i (12 0 j«S:«eufci ^^JSateMaw^fcSrH l 4k:*-T. B 
5) ^Ltl nGaN*>&fca£S**#FSttJl JRAttG a Nfflg±«)«*T?fc D , iilif7r^ 

(1 2 0 6) Sr«j«Lfc«3i**i-So pS**f-f KJi TS«±<3D«^©J8*MflES:*LTV>S 0 U^r-fTS 

»itfpl^?y KIi#fcft6niGaN*^ KJ1 «i:Jt«L-C\ G a NS«±-Ctt5 0«SBSV^*^iS» 

(1 2 0 8) ^nSAlGaN^77Ki (12 0 b^rfct), $ fcfcftKfeMXgfci* 0 k fc£ 

9) ft, **ft?*FiSttJi (1206) ojhh&jui 19, **a*jw**:u ^^itip^f^ iiaa^?>2 

(1 2 0 7) Sr^L-CJiRk:«JlSixrv^a 0 S^B^n 0g <0RJ#* v\, 
SGaNl (12 10) f±«fr|SllC*S:PBCaftafcab 30 [006 2] **«5«-C«, JSttJl0#F»©JB**3 

fcJ:oTf|«LTV>5. nitl (12 11) 12 y #FfcoV^T©»*tt#*lfc«fcRI*»-e*ofci 

ttfc* plti (12 12) ftS«gffiK&g-f£o ft [0 0 6 3] ^MfiSj9 

[0 0 5 6] !f-*-?-fcoV^"C, &Kgffi<DM [0 0 6 4] *««4 K«Lfc*tt5"CfKHLfcG a N* 

gttftfc^LrWltWBESr^oy bLfc»*SrHl 3{C S±fc, tkRofc*|:f 7r^f7 (0 0 0 1) ®£«± 

s«SE^Mg«a^i o" cm 3 a>e> 1 o 20 c ni&ms fciH*©*tt-era— «3t©i^ 

T*5tK miO !0 cm J #3£OMg^&T-§*£{fii? 40 [0 0 6 5] 015 J2, **t-€*UOS«±fc#* Ufc > 

*>54v*/Ttfco Mg»ft*E*e>«c*aii-«t % mm -f-mwMntiEft^n ^ f Lttotfes. 

«Etta^±#i-5as* rfttt. RfffcJteTWHM JtttOfcfelc:, *;7t* Titian**© u-tf-fcfp 

fcid«bfcMg***ajt«r«TS***H4:ft-3r*J »U M*LfcBlft«flEt««-e«r. &«©fi*tl*Jl: 

mzmiftMgzmkkLxmfztmmfcmmtk k#j61-5J:5k, aHRffiRiasrstti-s^ttorBi 

*D-#-6tt©*2^ *4«*J:W*6«5c*oajaK:i Oft^ftt>A»V^Hf«tf#&jLTi3 9. 5 VETOES 

bfHCT?*9, -ft65£*W3ft>fett*0 2JHBK±«: «iftoTV5„ 

ra^caapi-s^-efci^c-efcofco [0066] hi 6 ic*;h^*>*«±fcf)« ut 

[0 0 5 7] *«tWCtt, SttJI«>#Fff«>jnfcV3 tf-3(HPfcoV*T, #MT-C3feffl^-^C0^ff 
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19 



20 



WBttlOOOOfifBtibS. **WlC«ti9f^»Lfc 
It^TB-HJ^trWSfcftoBliWfi^ l / 3 filTfcffi 

fcfiT LT*J 0 , ft K 1 HI S 6 2 0 9 

*v\ *7r>fr±-ettB»««©i»ai3»*ft<, 10 
o o o*iH«-e«5 o%B±«ipurv^a«!>tes»br, 
«Mia5GaNSs±m *t>*<b*****v^ 10 

[0 0 6 7] *3tiB«TH\ gftlO*FS^)it^ 3 

Ji-CfcSds, 2)ifeJ:V4JB^e> i om^x-v^mm* 

[00 68] 

aisttfcft»$n* *»**«fcflB* ufcSifls*3iMk^ 
[@ffi<0ffi¥ftiftwi 

So 

[0 4 ] mmmxmm Lizm<o&&i&&mw<oimm 

XtbZ> 0 

[05] T*H*©^F*e*«ftJC*H-5a:y^>^u 30 

[06] TJWOjfcW^t^^y^i — h£<E>§§ 

[0 7] G a N3»rt»©R»«A»**^i^CH 

let 8 ] mm&<DG a NSKft»©aieA»*t 

*06tt***l.fctf (0 0 0 4) ffi^ti«>2j|**X|ftlI 

#r 2 NMit<DH«Sr*i-H'C*>5. 40 
[01 1] ^«*SraS!HiUfcTflSJB±fcriJ***fc 



[012] P a»E±K:^»Lfc»**-?<0«iSSr* 
[013] SfflE07IMMUK £ % fla&Kifcfl* 

So 

[014] a*RfKHXSO»0SL@»fc**L^tL«> 

[015] SKt^SiXSw* v M utsjgc fc *ii<fii© 

[016] ^fK»9iSUBSkt*itr^»Lfclf 
[flF^<ol&9§] 

1 0 1 10 2 TiffiJl, 10 3 ffifi&ft 
1, 104 ^y^^lCiaTJfiJB^Ifc*, 1 0 5 
^^?)»llfcGaN5S, 106 SfS«yaicJ:0 
S**r«aifcGaNXfi, 20 1 20 2 
Tift®, 2 0 3ilWftI t 2 04 a^^KiS 
T«WlG>l**, 2 0 5 G a NSffi, 3 0 1 3 
0 2 U-ifr^m-tt*, 3 0 3 ^SLRjfctf, 3 
0 4 ®**A«9P, 30 5 #«P ( 306 Si 
H«, 3 0 7 NHi , 308 HC 1, 309 Ga, 
310 v^7n^ziy 401 £ft 40 

2 ^-tfVSW-iry*, 4 0 3 ^358JRJ««, 4 0 
4 JK»A9P, 4 05 #*P, 4 06 NHj , 4 
07a TMG, 4 0 7 b TMA, 407 c TM 
I, 4 0 7 d Cp : Mg, 4 08 ^7a-3yl> 
P — 7, 4 09 SiH<, 1001 nSGaNl 

1 0 0 2 nlGaNi, 1 00 3 nlAU.„ 
GarnN^^^Ki, 1 0 04 nlGaN3feWK 
1, 1 0 0 5 I n G a N#SS;^#F»ttJi, 1 0 0 
6 AlGaN/nj/^i, 1 0 0 7 p3GaN%# 
>f KJI. 1 0 0 8 piAlO. 15GaO. 85N* 
?yKJB, 1 0 0 9 pSlGaNjf, 10 10 pSfG 
aNny^^M, 1011 pS®f£, 1012 n 
£J©&, 120 1 plGaNSfe 1 2 0 2 pgjG 
aNi, 1 2 0 3 piAl t .,tGa..,sN^75/K 
M, 1 2 04 pSGaN*^K8, 1 20 5 Al 
GaN/p>^l, 1 2 0 6 InGaN^ltWF 
SttJi, 1 2 0 7 A 1 G a N#MK&JhJI, 12 0 8 
nfGaNWKE 1 2 0 9 nlAl,. l5 Ga 
o.i»N^7 7Kl, 1210 nlGaN^^n 
M, 12 11 nSflA, 12 12 p? 
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[131] 



102 



A- 



103 



n 

101 (A) 



(B) 



104- 



105 



(C) 



{D) 



106- 



IM2) 



203 



202 
201-^ 



(A) 



204'" 



-v \:..: 



(B) 

20 5-^^v 
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[112] [1213] 




[014] 




1 2 3 4 5 



[iai 5] 




2 3 4 5 
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[016] 

300 



250 
? 200 

> — » 

jg 150 

Air 

8 100 

50 



•tf:77MT<0001)Bi± 



'GaN&£±(1!H@) 

5aNS«±(2HlB) 




GaN££±{5[slg) 



ul I I 1 1 mil 



10° 10 1 10* 10* 10 4 

m&ftm [h] 



±mift±mitimm%.&®.m22m22-% v 

±IKJff^:fiSi}TKfg ; »Eft?lkBr22#22^- -> 



(72) m% 

Fi?-A(#%) 4G077 AA03 AB02 BE15 DB01 EF03 
FE02 FG05 

5F041 AA40 CA05 CA23 CA34 CA40 
CA46 CA48 CA57 CA58 CA65 
CA73 CA74 CB11 

5F052 DA04 DB06 EA11 GC06 JA08 



